Temperature-sensitive (ts) mutants of adenovirus type 2 (Ad2), which are deficient in virus DNA synthesis at the non-permissive temperature, have been used to investigate whether virus DNA replication is required for the occurrence of high mol. wt. Ad2 DNA (> I0oS, 5o to 9oS) in human cells productively infected with Ad2. The high tool. wt. virus DNA has been previously shown to consist of virus and cellular DNA molecules covalently linked. The present data indicate that after infection with DNA-ts mutants, the production of high mol. wt. virus DNA is much less sensitive to restrictive conditions than the synthesis of unit length (34S) Ad2 DNA. This finding lends further support to the idea that the occurrence of high tool. wt. virus DNA is independent of the synthesis of unit length virus DNA.
Evidence has been adduced that the occurrence of the high mol. wt. virus DNA in KB cells productively infected with adenovirus type 2 (Ad2; Burger & Doerfler, 1974; Schick et al. I976) does not depend on the concurrent synthesis of unit length virus DNA but requires active cell growth and probably cellular DNA replication (Fanning et aL I978) . The high mol. wt. virus DNA has been characterized by reassociation kinetics experiments (Fanning & Doerfler, I977) , by restriction endonuclease cleavage and subsequent analysis of DNA fragments by filter hybridization (Baczko et al. I978) , as well as by double (sequential) hybridization experiments (Schick & Doerfler, I978) . The data demonstrate that in the high mol. wt. DNA from Ad2-infected KB cells virus and cellular sequences are covalently linked. Tyndall et al. (I978) have analysed the integrated forms of CELO virus DNA and of adenovirus type 5 DNA in productively infected cells and have reached similar conclusions.
Among fourteen temperature sensitive mutants of Ad2 isolated in our laboratory (Kathmann et al. I976) , H2ts2o6 and H2ts2r 4 were found to be deficient in DNA synthesis under non-permissive conditions. Infectivity differences between the permissive and restrictive temperatures for these mutants are IO-% and 2"5 x io -5 respectively. In the present communication these mutants were utilized to investigate the synthesis of high mol. wt. virus DNA at permissive and non-permissive temperatures. The total amount of unit length Ad2 DNA synthesized was found to be reduced by a factor of I5 to 30 at the non-permissive temperature, whereas, under these conditions, virus DNA sequences in the high mol. wt. size class were decreased only by a factor of 3 to 4. These findings suggest that full expression of the early virus functions is not required for integration to occur and that it is probably parental virus DNA that is linked to cellular DNA.
Most techniques used in this study have been described previously. Adenovirus type 2 was propagated in suspension cultures of KB cells and was purified as outlined elsewhere (Doerfler, I969 . The newly synthesized DNA was labelled with 3H-thymidine (loo #Ci/ml) between 48 to 51 h p.i. and 12 to 14 h p.i. for the non-permissive and permissive temperatures, respectively. At the end of the labelling period, the cells were lysed in alkali, and DNA in the four size classes was isolated by velocity sedimentation on alkaline sucrose density gradients (Burger! & Doerfler, I974; Schick et al. I976; Fanning & Doerfler, 1977) . The DNA fractions from each size class were pooled and analysed by DNA-DNA hybridization (Denhardt, I966) using 4 #g of Ad2 DNA fixed on filters. Each value given in the I976; Fanning et al. I978) . The gradients were centrifuged in an SW4I rotor of the Beckman Lz-65B ultracentrifuge at 35 ooo rev/min and 4 °C for I8O rain. Subsequently, the gradients were dripped 02 drops), and the distribution of the 3H-activity was determined in 5o/zl portions. DNA fractions from the four size classes (> iooS, 5o to 9oS, 34S and < 2oS) were pooled and analysed for the content of Adz-specific sequences by DNA-DNA filter hybridization (Denhardt, 1966). Radioactivity was measured in a Tri-Carb liquid scintillation spectrometer.
22I
In KB cells productively infected with adenovirus type 2, four size classes of virus DNA have been described: DNA sedimenting in alkaline sucrose density gradients at > 1ooS, 5o to 9oS, 34S and < 2oS Fanning et aL 1978) . In the present study we have investigated the question of whether the high mol. wt. (HMW) forms of Ad2 DNA (the > IooS and 5 o to 9oS DNA) can occur in cells infected with DNA-ts mutants of Ad2 and maintained at the non-permissive temperature, i.e. under conditions which do not permit the synthesis of 34S virus DNA. Two such mutants of Ad2 were included in these studies. H2ts2o6 is deficient in a very early function and is poorly complemented, if at all, by co-infection with either'H2ts2oI or H2tsEI 4 (Kathmann et aL r976 ) . The data presented in Fig. I demonstrate that at the permissive temperature both unit length (34S) and HMW virus DNA are synthesized in cells infected with wild type Ad2 or one of the DNA-ts mutants (Fig. I a to c) . The synthesis of cellular DNA is largely reduced. However, at the non-permissive temperature, both at I2 to 14 h (Fig. t d to f) and at 26 to 28 h post infection (Fig. tg to i) , the amount of 34S DNA produced in KB cells infected with ts2o6 or ts2I 4 is drastically reduced, whereas HMW DNA continues to be made until at least I2 to I4 h post infection (p.i.). After infection with wild type Ad2, host DNA synthesis is shut off at the non-permissive temperature even between 8 and io h p.i. The pattern of DNA size classes synthesized in KB cells infected with wild type Ad2 at the non-permissive temperature (Fig. I d, g ) is similar to that at the permissive temperature (Fig. I a) , although less DNA of high mol. wt. seems to be synthesized.
The amount of Ad2 DNA synthesized in each size class in cells infected with wild type Ad2 or with the DNA-ts mutants at the permissive and non-permissive temperatures was determined by DNA-DNA hybridization. A comparisofi of the results (Fig. I , Table I ) of these analyses can be summarized as follows:
(i) As reported earlier (Schick et al. I976) , Ad2-specific DNA sequences can be detected in all four size classes of newly synthesized DNA in KB cells infected with wild type Adz (Table I , part I). The DNA synthesized in mock infected KB cells was also investigated to determine background values of hybridization (Table x, part II). These values have been subtracted from all data reported in Table 1. (ii) After infection of KB cells with one of the two DNA-mutants ts2o6 or ts214, the amount of 34S virus DNA synthesized at the non-permissive temperature is reduced by a factor of I5 to 34 as compared to the percentage values of hybridization found at the permissive temperature (Table I, parts III and IV) . A comparison based on actual ct/min bound to filters carrying Ad2 DNA yields similar factors. The quantities of virus DNA sequences in the < 2oS size class are lower by a factor between I6 and 22 at the non-permissive temperature (Table I , part III and IV).
(iii) By contrast, the amount of virus DNA sequences in the HMW size classes, i.e. virus DNA sedimenting in alkaline sucrose density gradients at rates of > IooS and of 5o to 9oS, is merely reduced by a factor of 3 to 4 at the non-permissive temperature. This reduction tends to be even lower in the > IooS DNA size class (Table I, parts III and IV) .
Results very similar to the ones described here have been obtained when HeLa cells were used instead of KB cells. When the late mutants H2ts2o4 and H2ts213 were investigated, results similar to those obtained with wild type Ad2 were found. These findings demonstrate that the DNA of DNA-ts mutants of Ad2 can be integrated into cellular DNA even under non-permissive conditions when unit length 34 S virus DNA is synthesized only in trace amounts. Similar observations have been reported by Tyndall et al. (1978) for DNA-ts mutants of adenovirus type 5. These findings indicate that unabated virus DNA replication is not a prerequisite for the integration event. It seems reasonable to propose that under conditions which allow the synthesis of a large number of virus genome copies, linkage of virus DNA sequences to cellular DNA can occur more frequently, because a larger pool of free virus DNA does then exist. The data also suggest that a large proportion of the virus DNA sequences found in the HMW size classes at the non-permissive temperature is derived from the pool of parental virus DNA molecules. These virus DNA molecules can be detected by hybridization because of the all-label incorporated into adjacent cellular DNA sequences. Furthermore, the integrated virus DNA will also be replicated together with cellular DNA.
The amount of integrated virus sequences in productively infected cells has been precisely quantified by reassociation kinetics (Fanning & Doerfler, 1977) . It is obvious that the technique of DNA-DNA filter hybridization used in the present study does not provide exact quantitative data, but rather an estimate of the amount of virus DNA present in the HMW DNA. Annealing of ~H-labelled HMW DNA also includes labelled cellular sequences joined to labelled or unlabelled virus DNA; hence the amounts of virus DNA reported here may be somewhat higher than the actual number of virus DNA copies occurring in the HMW DNA. This qualification with respect to precise quantification does not, however, affect the main conclusions presented in this paper.
